Thyroid function
The minor abnormalities of TSH secretion, referred to previously, consisted of an elevated basal serum TSH level with an augmented TSH response to thyrotrophin releasing hormone (TRH), normal serum triiodothyronine (T3) and thyroxine (T4) levels in a clinically euthyroid patient. Although there may be alternative explanations for this finding, some of these patients with brain tumours had received spinal irradiation which included a significant dose of irradiation to the thyroid gland. The normal thyroid gland had for some years been considered relatively radioresistant (Warren 1943) . In 1971, however, Glatstein et al. reported that serum Journal of the Royal Society ofMedicine Volume 72 January 1979 TSH levels were elevated in 44% of patients who had received high doses of irradiation to both sides of the neck (4000-5000 rad) for lymphoma. The lymphoma patients who require neck irradiation at the Christie Hospital are treated with a smaller dose of radiation, i.e. 2500-3000 rad over 3 weeks. It was not known whether this dose of radiation to the thyroid might lead to abnormalities of thyroid function in later life. Therefore we studied thyroid function in 32 patients who had received neck irradiation for Hodgkin's disease in childhood (Shalet, Rosenstock et al. 1977) . In 12 patients lymphangiography was performed. All patients were considered euthyroid clinically and one had a thyroid swelling which a thyroid scan and ultrasonic examination indicated was a cyst. Five (16%) out of the 32 patients were biochemically hypothyroid with a depressed free thyroxine index and either an elevated basal serum TSH level and/or an augmented TSH response to TRH. Seventeen (53%) were euthyroid with a normal serum T3, T4 and free thyroxine index but an elevated basal TSH level. Seven (22%) were euthyroid with a normal basal serum TSH level but an augmented TSH response to TRH. In all, only 3 (9%) patients were both clinically euthyroid and had completely normal thyroid function tests. This study demonstrated that the normal thyroid gland is much more sensitive to the damaging effects of external irradiation than previously considered. Furthermore, there was a progressive decline in thyroid function in those who had lymphangiography and neck irradiation, which suggests that such patients should be kept under continued surveillance.
Gonadal function
Unlike the thyroid gland, the ovary had been considered radiosensitive. Doll & Smith (1968) observed that 97% of 2068 adult women failed to menstruate again after an estimated ovarian dose of 360-720 rad (1-3 fractions). However, very little data existed concerning ovarian function following abdominal irradiation in childhood. We studied ovarian function in 18 females who received abdominal irradiation (2000-3000 rad over 25-44 days) during childhood for various nongonadal tumours, predominantly nephroblastoma (Shalet, Beardwell, Morris Jones, Pearson & Orrell 1976) . Twelve of the 18 are aged 13 years or over and none is currently menstruating. Breast development varies from nil to normal but the majority show underdeveloped breasts. Serum follicle stimulating hormone (FSH) levels were elevated in all patients whilst the serum oestradiol levels were well below the normal range for adult women. The serum luteinizing hormone (LH) level was elevated in 15 patients and there was a significantly greater LH level in those aged over 11 years when compared to the girls aged 11 years or less. Similar changes in LH and FSH levels at this age have been described in gonadal dysgenesis (Conte et al. 1975 ). This would suggest that whatever the pathogenesis of ovarian failure, the qualitative gonadotrophin response is identical. Himelstein-Braw et al. (1977) have studied the morphology of ovaries obtained at autopsy from children with abdominal tumours. All patients treated with radiation therapy either alone or in conjunction with chemotherapy had severely damaged ovaries. Follicular growth was inhibited in all cases and the number of small non-growing follicles was markedly reduced in most. They propose that abdominal irradiation destroys small follicles and impairs follicular development in those that remain.
The dose of irradiation to the gonad is appreciably less in the boys with nephroblastoma than in the girls. However, in view of the very high incidence of ovarian failure following abdominal irradiation in childhood and the known radiosensitivity of the testis, we decided to examine testicular function in patients treated for this disease. Nine adult males, aged between 18-32 years, were studied (Shalet, Beardwell, Jacobs & Pearson 1978, in press ). All had received abdominal irradiation, but not chemotherapy, for a nephroblastoma during childhood. The scatter radiation dose to the testes varied between 400 and 900 rad and was delivered in a fractionated course. The gonadotrophin levels, plasma testosterone, testicular volume and sperm counts are shown in Table 1 . Six out of the 9 men show an elevated FSH level, only one of whom has an elevated LH level. The plasma testosterone concentration is abnormally low only in this patient. At least two sperm counts have been obtained in 8 of the men and only one shows a normal count (> 20 M/ml). The testicular volume is reduced in all 9 subjects (Baker et The studies discussed show abnormalities of hypothalamic-pituitary, thyroid, ovarian and testicular function following the treatment of malignant disease in childhood. The malignant tumours concerned are amongst the most common of childhood malignancies. Furthermore, the advance in the prognosis of patients with these tumours has meant an increasing number of survivors. It is likely that in the next 15 years all endocrine clinics will be involved in the assessment, treatment and long-term surveillance of patients with some of the problems described.
